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(57) ABSTRACT 

The present invention provides an MVA transmissive or 
transflective liquid crystal display device with display quali 
ties enhanced along with improvement in contrast. 
A liquid crystal display device of the present invention 
including: 

a pair of Substrates; and 
a liquid crystal layer disposed between the pair of sub 

Strates, 
wherein one of the pair of substrates includes a pixel elec 

trode having a rectangular shape when viewed from a 
display face side, 

the other substrate includes a linear-shaped dielectric pro 
trusion overlapping with a corner portion of the pixel 
electrode when viewed from the display face side, and 

at least one of the pair of Substrates includes a corner 
light-shielding member overlapping with a region where 
the linear-shaped dielectric protrusion and the corner 
portion of the pixel electrode overlap with each other. 

14 Claims, 18 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY DEVICE 

This application is the U.S. national phase of International 
Application No. PCT/JP2008/069044, filed 21 Oct. 2008, 
which designated the U.S. and claims priority to Japanese 
Patent Application No. 2008-034406, filed 15 Feb. 2008, the 
entire contents of each of which are hereby incorporated by 
reference. 

TECHNICAL FIELD 

The present invention relates to a liquid crystal display 
device. More particularly, the present invention relates to a 
transmissive or transflective liquid crystal display device 
preferably used in mobile devices such as a cellular phone. 

BACKGROUND ART 

Liquid crystal display devices are display devices which 
control alignment of liquid crystal molecules by using an 
electric field formed between electrodes, thereby controlling 
ON and OFF of liquid crystal display. According to common 
LCD devices, electrodes for applying a Voltage to LC mol 
ecules are pattern-formed in a specific shape and size, and the 
electrodes as a pixel unit drive and control the LC molecules. 
Thus the LCD devices can provide high-definition display. 
LCD devices are classified into transmissive LCD devices 

and reflective LCD devices based on the kind of display light. 
The transmissive LCD devices include a light source such as 
a backlight and use light from the light Source as display light. 
The reflective LCD devices include a reflector and use ambi 
ent light reflected by the reflector as display light. In recent 
years, transflective LCD devices which can provide both 
transmissive display and reflective display have attracted 
attention. The transflective LCD devices can provide mainly 
transmissive display under indoor environments and mainly 
reflective display under outdoor environments. So the trans 
flective LCD devices can provide high quality display under 
any environments, both indoor and outdoor environments. 
The transflective LCD devices are installed in various mobile 
equipment, such as a cellular phone, a PDA, and a digital 
CaCa. 

VA (vertical alignment) LCD devices are commonly used 
as one of the LCD devices. In the VALCD devices, display is 
controlled by aligning LC molecules vertically to substrate 
Surfaces in a Voltage-off state and aligning the LC molecules 
in a direction parallel to the Substrate Surfaces in a Voltage-on 
state. The VA LCD devices typically show a high contrast 
ratio, which shows luminance of white state and black state, 
and also shows a wide viewing angle by aligning LC mol 
ecules in various directions in one pixel. MVA (multi-domain 
vertical alignment) LCD devices and CPA (continuous pin 
wheel alignment) LCD devices are known as one of the VA 
LCD devices allowing alignment division more effective in 
wide viewing angle. In the MVA LCD devices, a linear 
shaped dielectric protrusion is formed on a Substrate Surface 
facing a liquid crystal layer, or a slit is provided for a pixel 
electrode. In the CPALCD devices, dielectric protrusions are 
formed in a dotted pattern on a Substrate surface facing a 
liquid crystal layer of a pixel electrode, and distortion of an 
electric field created between the dielectric protrusions and 
edges is utilized. 
When alignment control structures. Such as the protrusion 

and the slit, are arranged, LC molecules around the structures 
are in an alignment state different from that of LC molecules 
in other regions. This might cause light leakage when a Volt 
age is applied, leading to a reduction in contrast. In order to 
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2 
improve the contrast by Suppressing Such light leakage, 
Patent Document 1 discloses, for example, a CPA LCD 
device that permits high contrast display by shielding a region 
overlapping with the alignment control structures as viewed 
in plane. 

In VA LCD devices, transmittance in oblique directions 
less depends on a driving Voltage, which results in deteriora 
tion of color reproducibility. In order to improve display 
characteristics of the VA LCD devices, a control capacitance 
electrode is provided to form a plurality of regions different in 
capacitance in a pixel. However, such a control capacitance 
electrode is made of a light blocking metal film, and therefore 
an aperture ratio of the pixel is decreased and luminance is 
reduced. In order to improve the aperture ratio of a pixel, 
Patent Document 2 discloses that, for example, part of a 
control capacitance electrode is arranged to overlap with a 
region where a linear-shaped protrusion is formed and light 
transmittance is lower than that of other regions. 
The LCD devices are now being rapidly developed. Simple 

methods for a further improvement in display qualities are 
strongly needed. 
Patent Document 1 
Japanese Kokai Publication No. 2006-58734 

Patent Document 2 
Japanese Kokai Publication No. 2006-201356 

DISCLOSURE OF INVENTION 

The present invention has been made in view of the above 
mentioned State of the art. The present invention has an object 
to provide an MVA transmissive or transflective liquid crystal 
display device with display qualities enhanced along with 
improvement in contrast. 
The present inventors made various investigations on a 

further improvement in display qualities of MVA LCD 
devices. 
The inventors noted a light-shielding member arranged to 

overlap with an alignment control structure in MVA LCD 
devices, specifically, a linear-shaped dielectric protrusion. 
The inventors found that a dielectric protrusion placed to 
overlap with a corner portion of a pixel electrode is not suf 
ficiently considered previously because the protrusion has a 
relatively small affect on display qualities. The inventors also 
found that a contrast ratio can be further improved by arrang 
ing a light-shielding member to overlap with the dielectric 
protrusion overlapping with the corner portion of the pixel 
electrode. Thus, the above-mentioned problems have been 
admirably solved, leading to completion of the present inven 
tion. 

That is, the present invention is a liquid crystal display 
device, comprising: 

a pair of Substrates; and 
a liquid crystal layer disposed between the pair of sub 

Strates, 
wherein one of the pair of substrates includes a pixel elec 

trode having a rectangular shape when viewed from a display 
face side, 

the other substrate includes a linear-shaped dielectric pro 
trusion overlapping with a corner portion of the pixel elec 
trode when viewed from the display face side, and 

at least one of the pair of Substrates includes a corner 
light-shielding member overlapping with a region where the 
linear-shaped dielectric protrusion and the corner portion of 
the pixel electrode overlap with each other. 
The LCD device of the present invention is mentioned 

below in more detail. 
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The liquid crystal display device of the present invention 
includes a pair of substrates and a liquid crystallayer disposed 
between the pair of substrates. One of the pair of substrates 
includes a pixel electrode having a rectangular shape when 
viewed from a display face side. A region where the pixel 5 
electrode is formed is used for driving and controlling liquid 
crystals, and the region constitutes a display region. The size 
and the number of the pixel electrode are not limited and a 
plurality of the pixel electrodes is typically provided in the 
display region. Higher definition display is achieved with an 10 
increase in the number of the pixel electrode and with a 
decrease in the size of the pixel electrode. The pixel electrode 
of the present invention has a rectangular shape and the plu 
rality of the pixel electrodes may be efficiently arranged in a 
matrix patternora delta pattern. In the present description, the 15 
rectangular shape means a shape Substantially formed in a 
rectangle. The rectangle may have short and long sides per 
pendicular to each other, and partially have a convex or con 
cave portion. 

In the present invention, the other substrate includes a 20 
linear-shaped dielectric protrusion overlapping with a corner 
portion of the pixel electrode when viewed from the display 
face side. Therefore, the LCD device of the present invention 
is an MVA LCD device including a pixel electrode and a 
dielectric protrusion in different substrates. The dielectric 25 
protrusion is a structure having a protruded shape and is 
formed of a dielectric material. The dielectric protrusion 
arranged in a linear shape (in a band pattern) can align liquid 
crystal molecules horizontally to each other and towards the 
protrusion. Therefore, for example, the dielectric protrusion 30 
arranged in an oblique direction relative to the long and short 
sides of the rectangular pixel electrode can align LC mol 
ecules in an oblique direction relative to the long and short 
side thereof. When the dielectric protrusions are arranged to 
extend across one pixel electrode, the pixel electrode has a 35 
plurality of regions (domains). The dielectric protrusion may 
have a bended or branched portion as long as it has a linear 
shape when the entire display face is viewed. Thus, a wide 
viewing angle can be achieved in the LCD device of the 
present invention. 40 
The dielectric protrusion overlaps with a corner portion of 

the pixel electrode when viewed from the display face. When 
two or more of the dielectric protrusions are provided, at least 
one of them overlaps with the corner portion of the pixel 
electrode. As used herein, the term “corner portion of pixel 45 
electrode” means a portion positioned at four corners of the 
rectangular pixel electrode, more particularly, a portion 
within a distance of half the short side of the pixel electrode 
from a vertex. The dielectric protrusion overlapping with the 
corner portion of the pixel electrode needs to have half or 50 
more of its area in the corner portion. Therefore, for example, 
when the dielectric protrusion is arranged in an oblique direc 
tion relative to each side of the rectangular pixel electrode, the 
pixel electrode appears to be chipped at the corner portion 
when viewed from the display face side. 55 

At least one of the pair of substrates includes a corner 
light-shielding member overlapping with a region where the 
linear-shaped dielectric protrusion and the corner portion of 
the pixel electrode overlap with each other. The light-shield 
ing member is formed overlapping with the region where the 60 
linear-shaped dielectric protrusion and the corner portion of 
the pixel electrode overlap with each other, thereby suppress 
ing light leakage in a black State. As a result, a contrast ratio, 
i.e., a value of “transmittance in a white state/transmittance in 
a black state' is increased, and display qualities are further 65 
improved. It is sufficient that the light-shielding member is 
formed to overlap with at least one of the dielectric protru 

4 
sions, which overlaps with one of the four corner portions of 
the pixel electrode, and more preferably formed to overlap 
with all of the dielectric protrusions at corner portions. The 
light-shielding member may not be necessarily completely 
overlap with the dielectric protrusion and may have a portion 
not overlapping with the dielectric protrusion as long as 
effects of the present invention can be provided. 
The configuration of the LCD device of the present inven 

tion is not particularly limited as long as the above-mentioned 
components are essentially included. The LCD device may or 
may not include other components. 

In the present invention, when the dielectric protrusion is 
arranged to also overlap with a portion other than the corner 
portion of the pixel electrode, the light-shielding member is 
preferably arranged to overlap with Such a protrusion. As a 
result, a contrast ratio is increased. Hereinafter, the light 
shielding member arranged to overlap with the dielectric 
protrusion overlapping with the portion other than the corner 
portion of the pixel electrode, i.e., the dielectric protrusion 
having half or more of its area in the portion other than the 
corner portion of the pixel electrode is also referred to as a 
main light-shielding member. Therefore, it is preferred that at 
least one of the pair of Substrates includes a linear-shaped 
dielectric protrusion overlapping with a portion other than the 
corner portion of the pixel electrode, and a main light-shield 
ing member overlapping with a region where the linear 
shaped dielectric protrusion overlaps with the portion other 
than the corner portion of the pixel electrode. 
The light-shielding member used in the present invention is 

not particularly limited as long as the member has a light 
shielding property, and may be made of an organic resin, a 
metal, or the like. When such a light-shielding member also 
has a light-reflecting property, transflective LCD devices in 
which light reflected by the member can be used as display 
light can be provided. As used herein, the phrase “has a 
light-shielding property” means that at least 50% of incident 
light is blocked. The light-shielding member used in the 
present invention preferably blocks 90% or more of incident 
light. Therefore, the LCD device of the present invention is 
applicable to both the transmissive and transflective LCD 
device. When the LCD of the present invention is used as the 
transflective LCD device, it is preferred that the main light 
shielding member reflects light incident from the display 
face. Further, it is preferred that the corner light-shielding 
member reflects light incident from the display face. As used 
herein, the term “reflect” means that at least 50% of incident 
light is reflected (reflectance of 50%). The light-shielding 
member used in the present invention preferably reflects 90% 
or more of incident light (reflectance of 90%). It is preferred 
that both the main light-shielding member and the corner 
light-shielding member reflect light incident from the display 
face. This allows further increases in reflectance. When used 
as a transflective LCD device, the LCD device of the present 
invention preferably includes a v/4 retarder which gives a 
phase difference of W/4 (95 to 195 nm) of visible wavelengths 
(380 to 780 nm) to display light to convert linearly polarized 
light into circularly polarized light. 
A width of the main light-shielding member is larger than 

a width of the dielectric protrusion. A width of the corner 
light-shielding member is larger than a width of the dielectric 
protrusion. In particular, it is preferred that each of the main 
light-shielding member and the corner light-shielding mem 
ber has a width larger than that of the dielectric protrusion. 
According to Such a configuration, even if misalignment 
occurs between the dielectric protrusion and the light-shield 
ing member, an effect of shielding light can be sufficiently 
obtained. In the present description, the width means a size in 
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a transverse direction with respect to the longitudinal direc 
tion of the linear shape. In the present description, the length 
means a size in the longitudinal direction of the linear shape. 

It is preferred that the main light-shielding member and the 
corner light-shielding member are constituted by a pixel driv 
ing line. In the present description, the pixel driving line is not 
particularly limited as long as it is used for driving pixels. 
Examples thereof include a scanning line, a signal line, a 
storage capacitor line (CS line), a drawing line extended from 
a thin film transistor (TFT). The pixel driving line is usually 
made of a reflective material with a light-shielding property. 
Use of Such a line can simplify the device configuration. 

It is preferred that the pixel driving line is a storage capaci 
tor line. The CS line is usually provided to overlap with the 
pixel electrode, and therefore easily overlaps with the dielec 
tric protrusion which is arranged to overlap with the pixel 
electrode. Electrostatic capacitance is formed in a region 
where the CS line and the dielectric protrusion overlap with 
each other. Effective use of the capacitance eliminates the 
need to form additional CS lines in other regions. As a result, 
an aperture ratio is improved. 

It is preferred that the pixel driving line is a drawing line 
extended from a thin film transistor. In the present descrip 
tion, the drawing line is a line extended from a source or drain 
electrode of the TFT. For example, the drawing line is used for 
forming capacitance together with the CS line arranged adja 
cent to the drawing line with an insulating film therebetween. 
The drawing line is also usually provided to overlap with the 
pixel electrode and easily overlaps with the dielectric protru 
sion which is arranged to overlap with the pixel electrode. By 
use of the drawing line, a light shielding range can be adjusted 
without taking into consideration electric designs such as 
electrostatic capacitance and applied Voltage. 
When the main light-shielding member and the corner 

light-shielding members are constituted by the pixel driving 
line, it is preferred that the main light-shielding member and 
the corner light-shielding member are electrically connected 
to each other through a conductive bridge. If the light-shield 
ing member is made of a conductive material. Such as metals, 
and if the conductive films arranged to overlap with a corner 
portion and a portion other than the corner portion of the pixel 
electrode are not electrically connected to and isolated from 
each other, static electricity, which is unexpectedly generated 
in LCD device, charged in either one of the conductive films 
is not discharged and might provide irregular alignment to LC 
molecules. Particularly, the corner light-shielding member 
tends to be largely influenced by the static electricity because 
the member has a small area. Therefore, if the corner light 
shielding member is connected to the pixel driving line 
through a conductive bridge, the electricity can be discharged 
through the pixel driving line, which reduces influences on 
alignment of LC molecules. 
When forming the conductive bridge, it is preferred that the 

pixel electrode is provided with a linear-shaped slit when 
viewed from the display face side, the main light-shielding 
member and the corner light-shielding member are provided 
in the substrate including the pixel electrode, the conductive 
bridge and the pixel electrode are disposed indifferent layers 
with an interlayer insulating film therebetween, and the con 
ductive bridge extends across the linear-shaped slit. In such a 
configuration, response characteristics of LC molecules to 
ON and OFF is improved, which prevents occurrence of an 
afterimage. Hereafter, the principle is described. 

Similarly to the dielectric protrusion, the linear-shaped slit 
provided in the pixel electrode can align LC molecules hori 
Zontally to each other towards the slit. However, such align 
ment of the LC molecules tilted towards the linear-shaped slit 
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6 
and horizontally to each other are affected by adjacent LC 
molecules and is gradually changed with time Therefore, if an 
aspect ratio (long side of the slit/short side of the slit), i.e., a 
length (longitudinal direction) of the linear-shaped slit is too 
large, or if a width (transverse direction) of the slit is too 
Small, response characteristics are reduced, which may cause 
an afterimage. As a result of investigations by the present 
inventors, it has been found that it is possible to prevent such 
a reduction in response characteristics by the following con 
figuration. The configuration is that the conductive bridge is 
arranged to extend across a linear-shaped slit when viewed 
from the display face side and the conductive bridge and the 
pixel electrode are provided in different layers with an inter 
layer insulating film therebetween. In Such a configuration, 
leakage of an electric field around the conductive bridge can 
intentionally change the shape of equipotential lines in the 
electric field by forming an equipotential line along the con 
ductive bridge, thereby causing a border line of alignment of 
LC molecules. As a result, the response characteristics can be 
improved. As mentioned above, the present inventors found 
that response speed can be improved by the thus-arranged 
conductive bridge without changing a design of the linear 
shaped slit. Such features can be applied to configurations 
that are different from a configuration in which the liquid 
crystal display device includes a light-shielding member that 
is provided to overlap with a dielectric protrusion overlapped 
with a corner of a pixel electrode. 

That is, the present invention a liquid crystal display 
device, comprising: 

a pair of Substrates; 
a liquid crystal layer disposed between the pair of sub 

strates; and 
a conductive bridge, 
wherein one of the pair of substrates includes a pixel elec 

trode provided with a linear-shaped slit when viewed from a 
display face side, 

the conductive bridge and the pixel electrode are disposed 
in different layers with an interlayer insulating film therebe 
tween, and 

the conductive bridge extends across the linear-shaped slit. 
The size of the conductive bridge is not particularly lim 

ited. In order to increase an aperture ratio, the conductive 
bridge preferably has a small width unless disconnection 
occurs. The number of the conductive bridge is not particu 
larly limited and preferably depends on the linear-shaped slit 
length. In order to increase an aperture ratio and provide 
uniform alignment, the conductive bridge is preferably 
arranged in a direction perpendicular to the dielectric protru 
S1O. 

The conductive bridge is arranged not to electrically isolate 
the conductive film that is arranged to overlap with the corner 
portion of the pixel electrode as a light-shielding member, and 
further arranged to extend across the linear-shaped slit 
formed in the pixel electrode. As a result, contrast is improved 
and an effect of improving response characteristics can be 
provided. Thus, the combination of features of the present 
invention significantly improves display qualities. 

It is preferred that the conductive bridge extends across the 
middle portion of the linear-shaped slit. As mentioned above, 
change of alignment of the LC molecules can be created by 
arrangement of the conductive bridge. In order to align the LC 
molecules more uniform, the conductive bridge is preferably 
arranged to overlap with the middle portion of the linear 
shaped slit arranged. Thus, reliability of the response speed 
improvement is increased. 

Effect of the Invention 

According to the liquid crystal display device of the present 
invention, the light-shielding member is arranged to overlap 
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with a region where the dielectric protrusion and the corner 
portion of the pixel electrode overlap with each other, and 
thus the contrast ratio can be improved. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

The present invention is mentioned in more detail below 
with reference to Embodiments using drawings, but not lim 
ited thereto. 
Embodiment 1 

FIG. 1 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 1. As shown in FIG.1, the pixel 
constituting the display face of the LCD device of Embodi 
ment 1 has a rectangular shape and a plurality of pixels 
arranged in a matrix pattern or a delta pattern constitute one 
display face. In Embodiment 1, the number of the pixels is not 
limited. 

FIG. 2 is a cross-sectional view schematically showing a 
Substrate configuration of the liquid crystal display device in 
accordance with Embodiment 1, taken along line A-B in FIG. 
1. As shown in FIG. 2, the LCD device of Embodiment 1 
includes a pair of Substrates, that is, an array Substrate 1 and 
a color filter substrate 2, and an LC layer 3 disposed between 
the substrates. The array substrate 1, the LC layer 3, and the 
color filter substrate 2 are disposed in this order toward the 
display face. Nematic liquid crystals with negative dielectric 
anisotropy constitute the LC layer3. A vertical alignment film 
is formed on the LC layer 3 side-surfaces of the array sub 
strate 1 and the color filter substrate 2. Therefore the LCD 
device of Embodiment 1 is a VA LCD device and LC mol 
ecules 31 are vertically aligned to the substrates when no 
Voltage is applied. A polarizer is provided on a rear side of the 
array substrate 1 and a display face side of the color filter 
substrate 2 so that absorption axes of these two polarizers are 
perpendicular to each other. Thus, the LCD device of 
Embodiment 1 is configured to be operated in normally black 
mode where black display is provided when no voltage is 
applied. 
The color filter substrate 2 is described. As shown in FIG. 

2, in Embodiment 1, the color filter substrate 2 includes a 
glass Substrate 21, a color filter layer 22, a common electrode 
23, and a dielectric protrusion (hereinafter, also referred to as 
a “rib’) 24, stacked in this order toward the LC layer 3. The 
dielectric protrusion 24 has a linear shape when viewed from 
a display face side. The color filter layer 22 is composed of an 
organic resin and respective colors are composed of a material 
containing a pigment. Such as a red pigment, agreen pigment, 
and a blue pigment. A black matrix composed of a black 
pigment-containing material is formed between each two of 
the colors. The black matrix prevents the colors from mixing 
and prevents light leakage, and the like. The common elec 
trode 23 is formed over the surface of the color filter substrate 
2 and is used for applying a specific Voltage to the LC layer3 
together with the pixel electrode 15 that is included in the 
array Substrate 1. A metal oxide film having transparency, 
such as ITO (indium tin oxide), IZO (indium zinc oxide), and 
the like, is preferably used as a material for the common 
electrode 23. The rib 24 is composed of an insulating organic 
resin and aligns the LC molecules 31 in the vicinity of the rib 
24 theretowards. In Embodiment 1, the rib 24 protrudes in a 
pyramid shape toward the LC layer 3 and has a triangle cross 
section, but may have a columnar shape or a mountain shape 
having a curved surface as long as the rib 24 protrudes 
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8 
towards the LC layer. Examples of the cross section of the rib 
24 include a rectangle, trapezoid, and mountain shape form 
ing a parabola. 
The array substrate 1 is described. As shown in FIG. 2, in 

Embodiment 1, the array Substrate 1 includes a glass Substrate 
11, a pixel driving line 12 and a thin film transistor (TFT) 13 
as a Switching element, an interlayer insulating film 14, and a 
pixel electrode 15 stacked in this order toward the LC layer3. 
In Embodiment 1, examples of the pixel driving line 12 
include a gate line 41, a source line 42, a storage capacitor line 
(CS line) 43, and a drain-drawing line 44 extended from the 
TFT. As shown in FIG. 1, in Embodiment 1, the array sub 
strate 1 includes the gate lines 41 and the source lines 42 
arranged perpendicular to each other. The TFT 13 is arranged 
at each intersection of these gate lines 41 and source lines 42. 
The gate line 41 can feed a gate signal into the TFT 13 and the 
Source line 42 can feed a source signal into the pixel electrode 
15 through the TFT 13. The rectangular pixel electrodes 15 
are formed in a matrix pattern in regions defined by the gate 
line 41 and the source line 42. The interlayer insulating film 
14 composed of a first interlayer insulating film 14a and a 
second interlayer insulating film 14b is disposed between the 
pixel electrode 15, and the gate line 41 and the source line 42. 
A region including one pixel electrode 15 corresponds to one 
pixel region. In Embodiment 1, the drain-drawing line 44 
extended from the TFT 13 reaches to the center of a pixel, and 
at the center of the pixel, the drain-drawing line 44 and the 
pixel electrode 15 are connected to each other through a 
contact hole 16. Thus every pixel is individually controlled by 
one TFT 13 formed therein. The contact hole 16 is formed in 
the second interlayer insulating film 14b. In the present 
Embodiment, the CS line 43 is arranged to pass through the 
center of the pixel electrode 15 and in parallel with the gate 
line 41. The CS line 43 is provided to overlap with the drain 
drawing line 44 with the first interlayer insulating film 14a 
therebetween, and a specific electrostatic capacitance is cre 
ated between the drain-drawing line 44 and the CS line 43. 
As shown in FIG. 1, in Embodiment 1, the color filter 

substrate 2 includes the ribs 24 for aligning the LC molecules 
31 in a specific direction. The ribs 24 each have a linear shape 
and overlap with the pixel electrode 15, when viewed from 
the display face side. Specifically, in Embodiment 1, the ribs 
24 are arranged in a direction at an angle of about 45° with 
respect to the respective sides of the pixel electrode 15. One of 
the ribs 24 has a bent portion. The bent rib has a V-shape when 
the each pixel is viewed in plan. Another one of the ribs 24 has 
a linear shape. The linear-shaped rib is arranged to overlap 
with a corner portion of the pixel electrode 15. The part 
circled by the dotted line in FIG. 1 is the corner portion 10 of 
the pixel electrode 15. In Embodiment 1, the rib 24 may be 
branched, or may be parallel or vertically to one side of the 
pixel electrode 15. Therefore, in Embodiment 1, one rib 24 
has, for example, a straight line shape, a U-shape, a V-shape, 
a W-shape, or a combination thereof when viewed from the 
display face side. 
As shown in FIG. 1, in Embodiment 1, the pixel electrode 

15 included in the array substrate 1 is provided with the slits 
17 for aligning the LC molecules 31 in a specific direction. 
The slits 17 each have a linear shape. The slit 17 and the rib 24 
are alternately arranged parallel to each other and equally 
spaced, when viewed from the display face side. One of the 
slits 24 has a bent portion. The bent slit has a V-shape when 
the each pixel is viewed in plan. 

Thus, when the ribs 24 and the slits 17 are arranged in an 
oblique direction relative to the respective sides of the pixel 
electrode 15, the LC molecules 31 in the LC layer 3 are 
aligned towards the ribs 24 and the slits 17. As a result, the 
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viewing angle can be increased. Therefore the LCD device of 
Embodiment 1 is what is called a MVALCD device. 

In Embodiment 1, the array substrate 1 includes a light 
shielding metal film 18 (hereinafter, also referred to as a 
“corner light-shielding metal film’) that overlaps with the 
linear-shaped rib 24that is arranged to overlap with the corner 
portion 10 of the pixel electrode 15, as a light-shielding mem 
ber (corner light-shielding member). Examples of the mate 
rial for the corner light-shielding metal film include alumi 
num (Al), silver (Ag), tantalum nitride (TaN), titanium nitride 
(TiN), and molybdenum nitride (MoN). The extended drain 
drawing line 44 is formed as a light-shielding member (main 
light-shielding member) to overlap with the V-shaped rib, 
which is arranged to overlap with the center portion of the 
pixel electrode. The corner light-shielding metal film 18, 
which overlaps with the rib 24 overlapping with the corner 
portion 10 of the pixel electrode 15, has a linear shape. The 
drain-drawing line 44 is arranged to overlap with the CS line 
43 as well as the rib 24 overlapping with the center portion of 
the pixel electrode 15, and so the drain-drawing line 44 has a 
W-shape when the entire pixel is viewed. The drain-drawing 
line 44 is composed of a light-shielding metal film and serves 
as a light-shielding member for a region the rib 24 is formed. 
The light-shielding members 18 and 44 are pattern-formed 
for example, by the following manner. A metal film is formed 
by Sputtering and a resist is applied to a desired region of the 
metal film. The metal film is exposed through a mask, devel 
oped and etched, and then the resist is stripped. In Embodi 
ment 1, for example, a black matrix included in the color filter 
Substrate 2 maybe used as the light-shielding member instead 
of the metal film included in the array substrate 1. 

If the light-shielding member is formed to overlap with the 
rib, which influences the LC molecules around the lib to have 
alignment different from that of other regions, light leakage in 
a black state can be prevented and the contrast ratio can be 
increased. Particularly, in Embodiment 1, the light-shielding 
member for blocking light transmitted through the rib 24 is 
arranged to overlap with the corner portion 10 of the pixel 
electrode 15 in addition to at the center portion of the pixel 
electrode 15. Therefore a high contrast ratio can be provided. 

In Embodiment 1, the storage capacitor line 43, which is 
formed to overlap with the center portion of the pixel elec 
trode 15, and the corner light-shielding metal film 18, which 
is formed to overlap with the corner portion 10 of the pixel 
electrode 15, each have a width larger than that of the rib 24. 
Thus, light leakage can be prevented without any problem 
even if misalignment occurs between the array Substrate 1 and 
the color filter substrate 2. As a result, reliability of an 
improvement of contrast is increased. 
The LCD device of Embodiment 1 may be used as both a 

transflective LCD device and a transmissive LCD device. 
When the LCD device of Embodiment 1 is used as a trans 
missive LCD device, a light Source Such as a backlight is 
placed on the rear side of the thus-produced array substrate 1. 
When the LCD device of Embodiment 1 is used as a trans 

flective LCD device, a light source such as a backlight is 
placed on the rear side of the thus-produced array substrate 1, 
and further aw/4 retarder is arranged on both polarizers of the 
array and color filter substrates. The W4 retarder is arranged 
onan LC layer side-surface of each polarizer. The W4 retarder 
converts transmissive light, which is linearly polarized light 
passed through the polarizer, into circularly polarized light. 
As a result, the transflective LCD device can provide both 
transmissive display using light from the light source Such as 
a backlight as display light and reflective display using 
reflected ambient light reflected by the drain-drawing line as 
display light. 
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10 
In Embodiment 1, when the drain-drawing line 44 has a 

light reflective surface, it functions as not only the light 
shielding member for light transmitted through the rib 24 but 
also a reflective member for reflective display. Examples of a 
high reflection material having light-shielding property 
include aluminum and silver. 

Further, the transflective LCD device includes a multi-gap 
layer in a reflective region. This is needed to eliminate a phase 
difference of display light between a transmissive region and 
the reflective region. The phase difference is created because, 
in the transmissive region, light used as display light passes 
through an LC layer once, whereas in the reflective region, 
light used as display light passes through the LC layer twice, 
i.e., passes through it before and after reflected. The LC layer 
is so designed that the thickness thereof in the transmissive 
region is about twice as large as that in the reflection region by 
forming, in the array Substrate 1, the interlayer insulating film 
14 having a large thickness only in the reflective region as the 
multi-gap layer. Such a multi-gap layer permits compensa 
tion of the phase difference. 
Embodiment 2 

FIG. 3 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 2. As shown in FIG.3, the pixel 
configuration of the LCD device of Embodiment 2 is the same 
as that of Embodiment 1, except for the shape of the light 
shielding member. Therefore, similarly to Embodiment 1, the 
light-shielding member for blocking light transmitted 
through a rib 24 is arranged to overlap with a corner portion 
10 of a pixel electrode 15 in addition to a centerportion of the 
pixel electrode 15. Therefore a high contrast ratio can be 
provided. Further, a storage capacitor line 43, which is 
formed to overlap with the center portion of the pixel elec 
trode 15, and a corner light-shielding metal film 18, which is 
formed to overlap with the corner portion 10 of the pixel 
electrode 15, each have a width larger than that of the rib 24. 
Thus, light leakage can be prevented without any problem 
even if misalignment occurs between an array Substrate 1 and 
a color filter substrate 2. As a result, reliability of an improve 
ment of contrast is increased. 

Further, in Embodiment 2, a drain-drawing line 44 and the 
corner light-shielding metal film 18, which are arranged to 
overlap with the rib 24, are electrically connected to each 
other through a conductive bridge 19. In Embodiment 2, the 
conductive bridge 19 extends from one end of the corner 
light-shielding metal film 18. Further, the conductive bridge 
19 is formed in a direction perpendicular to the rib 24 and the 
slit 17. Therefore, according to Embodiment 2, the corner 
light-shielding metal film 18 is not isolated and even ifunex 
pected Static electricity is generated in the corner light-shield 
ing metal film 18, the static electricity is discharged through 
the drain-drawing line 44. As a result, stable display qualities 
can be obtained. 

FIG. 4 is a cross-sectional view schematically showing a 
configuration of a region including a conductive bridge in the 
liquid crystal display device in accordance with Embodiment 
2, taken along line C-D in FIG. 3. As shown in FIG. 4, in 
Embodiment 2, the conductive bridge 19 is provided in a layer 
between a first interlayer insulating film 14a and a second 
interlayer insulating film 14b and the layer includes no pixel 
electrode 15. As shown in FIG. 3, the conductive bridge 19 is 
provided to extend across the slit 17 formed in the pixel 
electrode 15. In such a configuration, an electric potential 
around the slit 17 can be changed by effects of electric field 
leakage around the conductive bridge 19, which prevents 
reduction in response speed even if the slit 17 is too long or 
tOO narrow. 
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Embodiment 3 
FIG. 5 is a plan view schematically showing a pixel con 

stituting the display face of the liquid crystal display device in 
accordance with Embodiment 3. As shown in FIG.5, the pixel 
configuration of the LCD device of Embodiment 3 is the same 5 
as that of Embodiment 1, except for the shape of the light 
shielding member. Therefore, similarly to Embodiment 1, a 
light-shielding member for blocking light transmitted 
through a rib 24 is arranged to overlap with a corner portion 
10 of a pixel electrode 15 in addition to a centerportion of the 
pixel electrode 15. Therefore a high contrast ratio can be 
provided. Further, a drain-drawing line 44, which is formed to 
overlap with the center portion of the pixel electrode 15, and 
a corner light-shielding metal film 18, which is formed to 
overlap with the corner portion 10 of the pixel electrode 15 15 
each have a width larger than that of the rib 24. Thus, light 
leakage can be prevented without any problem even if mis 
alignment occurs between an array and a color filter Substrate 
1 and 2. As a result, reliability of an improvement of contrast 
is increased. 

In Embodiment 3, similarly to Embodiment 2, the drain 
drawing line 44 and the corner light-shielding metal film 18, 
which are arranged to overlap with the rib 24, are electrically 
connected to each other through a conductive bridge 19. In 
Embodiment 3, the conductive bridge 19 extends from the 
center portion of the corner light-shielding metal film 18. 
Further, the conductive bridge 19 is formed in a direction 
perpendicular to the rib 24 and the slit 17. Therefore, accord 
ing to Embodiment 3, similarly to Embodiment 2, the corner 
light-shielding metal film 18 is not isolated and even if unex 
pected Static electricity is generated in the corner light-shield 
ing metal film 18, the static electricity is discharged through 
the drain-drawing line 44. As a result, stable display qualities 
can be obtained. 

In Embodiment 3, the conductive bridge 19 is provided to 
extend across the slit 17 formed in the pixel electrode 15, and 
the conductive bridge 19 and the pixel electrode 15 are pro 
vided in different layers with an interlayer insulating film 14 
therebetween. In such a configuration, similarly to Embodi 
ment 2, an electric potential around the slit 17 can be changed 
by effects of electric field leakage around the conductive 
bridge 19, which prevents reduction in response speed even if 
the slit 17 is too long or too narrow. 

In Embodiment 3, the conductive bridge 19 is arranged to 
extend across the middle portion of the slit 17, unlike in 45 
Embodiment 2. Therefore, the slit 17 is efficiently divided, 
which improves reliability of an improvement of response 
speed. 
Embodiment 4 

FIG. 6 is a plan view schematically showing a pixel con- 50 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 4. As shown in FIG. 6, the pixel 
configuration of the LCD device of Embodiment 4 is the same 
as that of Embodiment 1, except for the shape of the light 
shielding member. However, in Embodiment 4, a corner 55 
light-shielding metal film 18 is arranged to overlap with only 
an upper right corner portion 10 of four corner portions of a 
pixel electrode 15. The number of the corner light-shielding 
metal film 18 can be changed Suitably according to a design. 
In Such a configuration, the light-shielding member for block- 60 
ing light transmitted through a rib 24 is arranged to overlap 
with one corner portion 10 of the pixel electrode 15 in addi 
tion to a center portion of the pixel electrode 15. Therefore a 
high contrast ratio can be provided. Further, a drain-drawing 
line 44, which is formed to overlap with the center portion of 65 
the pixel electrode 15, and the corner light-shielding metal 
film 18, which is formed to overlap with the corner portion 10 
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12 
of the pixel electrode 15, each have a width larger than that of 
the rib 24. Thus, light leakage can be prevented without any 
problem even if misalignment occurs between the array Sub 
strate 1 and the color filter substrate 2. As a result, reliability 
of an improvement of contrast is increased. 

In Embodiment 4, similarly to Embodiment 2, the drain 
drawing line 44 and the corner light-shielding metal film 18 at 
a corner portion 10, which are arranged to overlap with the rib 
24, are electrically connected to each other through a conduc 
tive bridge 19. In Embodiment 4, the conductive bridge 19 
extends from the center portion of the corner light-shielding 
metal film 18 having a linear-shape formed to overlap with the 
corner portion 10. The conductive bridge 19 is formed in a 
direction perpendicular to the rib 24 and the slit 17. Therefore, 
according to Embodiment 4, similarly to Embodiment 2, the 
corner light-shielding metal film 18 formed to overlap with 
the corner portion 10 is not isolated and even if unexpected 
static electricity is generated, the static electricity is dis 
charged through the drain-drawing line 44. As a result, stable 
display qualities can be obtained. 

In Embodiment 4, the conductive bridge 19 is provided to 
extend across the slit 17 formed in the pixel electrode 15, and 
the conductive bridge 19 and the pixel electrode 15 are pro 
vided in different layers with an interlayer insulating film 14 
therebetween. In such a configuration, similarly to Embodi 
ment 2, an electric potential around the slit 17 can be changed 
by effects of electric field leakage around the conductive 
bridge 19, which prevents reduction in response speed even if 
the slit 17 is too long or too narrow. 

In Embodiment 4, the conductive bridge 19 is arranged to 
extend across the middle portion of the slit 17. Therefore, the 
slit 17 is efficiently divided, which improves reliability of an 
improvement of response speed. 
Embodiment 5 

FIG. 7 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 5. As shown in FIG.7, the pixel 
configuration of the LCD device of Embodiment 5 is the same 
as that of Embodiment 1, except for the shape of the light 
shielding member. In Embodiment 5, both a drain-drawing 
line 44 and a CS line 43 are used as the light-shielding mem 
ber. The CS line 43 almost completely overlaps with the 
drain-drawing line 44. That is, the CS line 43 also has a linear 
shape with a bent portion and has a W-shape when viewed 
from a display face. The CS line 43 and the drain-drawing line 
44 may be designed like in this Embodiment in accordance 
with electrostatic capacitance formed therebetween. In 
Embodiment 5, similarly to Embodiment 1, the light-shield 
ing member for blocking light transmitted through a rib 24 is 
arranged to overlap with a corner portion 10 of a pixel elec 
trode 15 in addition to a center portion of the pixel electrode 
15. Therefore a high contrast ratio can be provided. Further, 
the drain-drawing line 44 and the CS line 43, which are 
formed to overlap with the center portion of the pixel elec 
trode 15, and the corner light-shielding metal film 18, which 
is formed to overlap with the corner portion 10 of the pixel 
electrode 15, each have a width larger than that of the rib 24. 
Thus, light leakage can be prevented without any problem 
even if misalignment occurs between the array Substrate 1 and 
the color filter substrate 2. As a result, reliability of an 
improvement of contrast is increased. 

In Embodiment 5, similarly to Embodiment 2, the drain 
drawing line 44 and the corner light-shielding metal film 18, 
which are arranged to overlap with the rib 24, are electrically 
connected to each other through a conductive bridge 19. In 
Embodiment 5, the conductive bridge 19 extends from the 
centerportion of the corner light-shielding metal film 18. The 
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conductive bridge 19 is formed in a direction perpendicular to 
the rib 24 and the slit 17. Therefore, according to Embodi 
ment 5, similarly to Embodiment 2, the corner light-shielding 
metal film 18 is not isolated and even if unexpected static 
electricity is generated in the corner light-shielding metal film 
18, the static electricity is discharged through the drain-draw 
ing line 44. As a result, stable display qualities can be 
obtained. 

In Embodiment 5, the conductive bridge 19 is provided to 
extend across the slit 17 formed in the pixel electrode 15, and 
the conductive bridge 19 and the pixel electrode 15 are pro 
vided in different layers with an interlayer insulating film 14 
therebetween. In such a configuration, similarly to Embodi 
ment 2, an electric potential around the slit 17 can be changed 
by effects of electric field leakage around the conductive 
bridge 19, which prevents reduction in response speed even if 
the slit 17 is too long or too narrow. 

In Embodiment 5, similarly to Embodiment 3, the conduc 
tive bridge 19 is arranged to extend across the middle portion 
of the slit 17. Therefore, the linear-shaped slit 17 is efficiently 
divided, which improves reliability of an improvement of 
response speed. 

In Embodiment 5, the CS line 43 is widely formed to 
overlap with other portions of the pixel electrode 15 in addi 
tion to the center portion. This allows that the area of the Cs 
wiring 43 at the centerportion of the pixel electrode 15 can be 
reduced as compared with Embodiments 1 to 4. As a result, an 
aperture ratio can be improved. When the CS line 43 and the 
drain-drawing line 44 are used as the light-shielding member 
like in Embodiment 5, the design of the lines becomes effi 
cient and the display qualities can be improved. 
Embodiment 6 

FIG. 8 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 6. As shown in FIG.8, the pixel 
configuration of the LCD device of Embodiment 6 is the same 
as that of Embodiment 1, except for the shape of the light 
shielding member. In addition, in Embodiment 6, both a 
drain-drawing line 44 and a CS line 43 are used as a light 
shielding member similarly to Embodiment 5. However, 
unlike in Embodiment 5, the CS line 43 does not entirely 
overlap with the drain-drawing line 44 and does not overlap 
with a corner light-shielding metal film 18 at a corner portion 
10 of a pixel electrode 15 and a conductive bridge 19. Such a 
design can be adopted in accordance with electrostatic 
capacitance formed between the drain-drawing line 44 and 
the CS line 43. In Embodiment 6, similarly to Embodiment 1, 
the light-shielding member for blocking light transmitted 
through a rib 24 is arranged to overlap with the corner portion 
10 of the pixel electrode 15 in addition to at the centerportion 
of the pixel electrode 15. Therefore a high contrast ratio can 
be provided. Further, the drain-drawing line 44 and the CS 
line 43, which are formed to overlap with the centerportion of 
the pixel electrode 15, and the corner light-shielding metal 
film 18, which is formed to overlap with the corner portion 10 
of the pixel electrode 15, each have a width larger than that of 
the rib 24. Thus, light leakage can be prevented without any 
problem even if misalignment occurs between the array Sub 
strate 1 and the color filter substrate 2. As a result, reliability 
of an improvement of contrast is increased. 

In Embodiment 6, similarly to Embodiment 2, the drain 
drawing line 44 and the corner light-shielding metal film 18, 
which are arranged to overlap with the rib 24, are electrically 
connected to each other through a conductive bridge 19. In 
Embodiment 6, the conductive bridge 19 extends from the 
centerportion of the corner light-shielding metal film 18. The 
conductive bridge 19 is formed in a direction perpendicular to 
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the rib 24 and the slit 17. Therefore, according to Embodi 
ment 6, similarly to Embodiment 2, the corner light-shielding 
metal film 18 at the corner portion 10 is not isolated and even 
ifunexpected Static electricity is generated in the corner light 
shielding metal film 18, the static electricity is discharged 
through the drain-drawing line 44. As a result, stable display 
qualities can be obtained. 

In Embodiment 6, the conductive bridge 19 is provided to 
extend across the slit 17 formed in the pixel electrode 15, and 
the conductive bridge 19 and the pixel electrode 15 are pro 
vided in different layers with an interlayer insulating film 14 
therebetween. In such a configuration, similarly to Embodi 
ment 2, an electric potential around the slit 17 can be changed 
by effects of electric field leakage around the conductive 
bridge 19, which prevents reduction in response speed even if 
the slit 17 is too long or too narrow. 

In Embodiment 6, similarly to Embodiment 3, the conduc 
tive bridge 19 is arranged to extend across the middle portion 
of the slit 17. Therefore, the slit 17 is efficiently divided, 
which improves reliability of an improvement of response 
speed. 

In Embodiment 6, the CS line 43 is widely formed to 
overlap with other portions of the pixel electrode 15 in addi 
tion to the center portion. This allows that the area of the Cs 
wiring 43 at the centerportion of the pixel electrode 15 can be 
reduced as compared with Embodiments 1 to 4. As a result, an 
aperture ratio can be improved. When the CS line 43 and the 
drain-drawing line 44 are used as the light-shielding member 
like in Embodiment 6, the design of the lines becomes effi 
cient and the display qualities can be improved. 
Evaluation Test 
The following simulations were performed to determine 

the effect of improving response characteristics in the present 
Embodiments where the electric potential of the slit formed in 
the pixel electrode is adjusted by the conductive bridge to 
improve the response characteristics. 
An LCD device of Reference Embodiment 1 including a 

pixel electrode having a slit with 9 um in width and an LCD 
device of Reference Embodiment 2 including a pixel elec 
trode having a slit with 5 um in width were simulated for 
alignment behavior of LC molecules positioned in and 
around the slit. 

FIGS.9 to 11 are views showing response characteristics of 
liquid crystal molecules in a liquid crystal display device in 
accordance with Reference Embodiment 1. FIG. 9 is a view 
after 10 msec of voltage application. FIG. 10 is a view after 
100 msec of voltage application. FIG. 11 is a view after 500 
msec of voltage application. FIGS. 9(a), 10(a) and 11(a) are 
enlarged views showing the slit and the LC molecules. FIGS. 
9(b), 10(b), and 11(b) are further enlarged views of the slit and 
LC molecules shown in FIGS. 9(a), 10(a) and 11(a). In FIGS. 
9 to 11, the black line shows an equipotential line. 
As shown in FIGS. 9 to 11 showing the slit with 9 um in 

width (Reference Embodiment 1), whereas LC molecules 
positioned in the slit are aligned vertically to the pixel elec 
trode surface, LC molecules positioned around an outline of 
the slit are aligned in parallel to the pixel electrode surface and 
in a direction perpendicular to a longitudinal direction of the 
slit immediately after the LC molecules start to be aligned 
(after 10 msec of Voltage application). This tendency was not 
changed even after 100 m.sec. 500 msec or more of voltage 
application. 

FIGS. 12 to 14 are views showing response characteristics 
of liquid crystal molecules in a liquid crystal display device in 
accordance with Reference Embodiment 2. FIG. 12 is a view 
after 10 msec of voltage application. FIG. 13 is a view after 
100 msec of voltage application. FIG. 14 is a view after 500 
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msec of voltage application. FIGS. 12(a), 13(a) and 14(a) are 
enlarged views showing the slit and the LC molecules. FIGS. 
12(b), 13(b), and 14(b) are further enlarged views of the slit 
and LC molecules shown in FIGS. 9(a), 10(a) and 11(a). In 
FIGS. 12 to 14, the black line shows an equipotential line. 
As shown in FIGS. 12 to 14, when the slit has a 5um width 

(Reference Embodiment 2), LC molecules positioned in the 
slit and around an outline of the slit, except for LC molecules 
positioned above the longitudinal center line of the slit, are 
aligned in parallel to the pixel electrode surface and in a 
direction perpendicular to the longitudinal direction of the 
slit, immediately after the LC molecules start to be aligned 
(after 10 msec of voltage application). The LC molecules 
positioned on the longitudinal center line of the slit are 
aligned vertically to the pixel electrode surface. However, 
with the elapse of 100 msec, 500 msec or more, the LC 
molecules positioned on the longitudinal centerline of the slit 
are gradually tilted to the pixel electrode Surface and in an 
oblique direction relative to the longitudinal direction of the 
slit, and eventually aligned in the longitudinal direction of the 
slit and in an oblique direction relative to the pixel electrode 
Surface. The alignment direction of the LC molecules posi 
tioned in the slit, except for the LC molecules positioned on 
the longitudinal center line of the slit, are eventually aligned 
in an oblique direction with respect to the longitudinal direc 
tion of the slit and in an oblique direction relative to the pixel 
electrode surface. In the LCD device of Reference Embodi 
ment 2, as shown in FIGS. 13 and 14 showing the alignment 
behaviors after 100 msec and 500 msec of voltage applica 
tions, a region where the alignment direction of the LC mol 
ecules with respect to the longitudinal direction of the slit is 
symmetrical with respect to a singular point in which the LC 
molecules are aligned vertically to the pixel electrode surface 
is partially formed in the slit. The alignment of the LC mol 
ecules between adjacent ones of the singular points is uni 
form. 
Then simulated was alignment behavior of LC molecules 

positioned in and around a slit of a pixel electrode when a 
conductive bridge is arranged to overlap with the slit like 
Embodiments 2 to 6 of the present invention. In this simula 
tion, the slit width is 5um. FIGS. 15 to 17 are views showing 
response characteristics of liquid crystal molecules in a liquid 
crystal display device in accordance with Embodiments 2 to 
6. FIG. 15 is a view after 10 msec of voltage application. FIG. 
16 is a view after 100 msec of voltage application. FIG. 17 is 
a view after 500 msec of voltage application. FIGS. 15(a), 
16(a) and 17(a) are enlarged views showing the slit and the 
LC molecules. FIGS. 15(b), 16(b), and 17(b) are further 
enlarged views of the slit and LC molecules shown in FIGS. 
9(a), 10(a) and 11(a). In FIGS. 15 to 17, the black line shows 
an equipotential line. 
As shown in FIGS. 15 to 17, in the LCD device in Embodi 

ments 2 to 6, the conductive bridge divides an equipotential 
line that is formed along the shape of the slit. A fixed singular 
point of LC alignment is generated at an intersection of the 
center line of the slit and the center line of the conductive 
bridge, between the divided equipotential lines. The LC mol 
ecules are aligned symmetrically with respect to the singular 
point. A more detailed description is described below. 
As shown in FIGS. 15 to 17, the alignment direction of the 

LC molecules positioned in a region where no conductive 
bridge is formed is changed in the same way as in shown in 
FIGS. 12 to 14 of Reference Embodiment 2. At the intersec 
tion of the center line of the slit and the center line of the 
conductive bridge, the LC molecules, mainly those aligned 
vertically to the pixel electrode surface, form the singular 
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point, and with respect to this singular point, other LC mol 
ecules are aligned symmetrically. 

Specifically, first, immediately after a Voltage is applied 
(after 10 msec of Voltage application), in the longitudinal 
direction of the slit, the LC molecules are aligned towards the 
singular point along the slit center line and in parallel to the 
pixel electrode surface. In the longitudinal direction of the 
conductive bridge, the LC molecules are aligned towards the 
singular point along the conductive bridge center line and in 
parallel to the pixel electrode surface. Since the longitudinal 
directions of the slit and the conductive bridge are perpen 
dicular to each other, the LC molecules on the slit center line 
and the LC molecules on conductive bridge center line form 
an X-shape. The LC molecules in a region other than the slit 
centerline and the conductive bridge centerline are aligned in 
a certain range in an oblique direction relative to the slit center 
line and the conductive bridge center line (in the present 
Embodiment, in the transverse direction and longitudinal 
direction of the pixel electrode) and are symmetrical with 
respect to the singular point. Further, the LC molecules in the 
region other than the slit center line and the conductive bridge 
center line are aligned to form a Swastika shape (windmill 
shape), specifically, a shape formed by cubic curves perpen 
dicular to each other with the intersection between the two 
centerlines being an inflection point. The LC molecules at the 
end of the Swastika shape (windmill shape), i.e., near the slit 
centerline and the conductive bridge centerline are aligned to 
form a ninja star shape, i.e., a shape formed by four rhom 
buses arranged in mutually-perpendicular two directions 
because the molecules are attracted towards the longitudinal 
directions of the slit and the conductive bridge. 

Then, the alignment of the liquid crystal molecules varies 
as time goes on, and as a result, the singular point disappears. 
However, the tendency of the alignment of the LC molecules 
is not so changed. Specifically, the LC molecules on the slit 
and conductive bridge center lines keep an X-shape, the LC 
molecules in the region other than the slit and conductive 
bridge center lines keep a Swastika shape (windmill shape), 
and the LC molecules in the region near the slit and conduc 
tive bridge center lines keep a ninja star shape. In particular, 
no significant change is observed in orientation of the LC 
molecules between 100 msec later and 500 msec later. 
According to Embodiment 2 to 6, the singular point is formed 
at every intersection of the slit and the conductive bridge. 
Therefore, the total number of the singular points in Embodi 
ments 2 to 6 is larger than that in Reference Embodiments 1 
and 2. 
As described above, the singular point toward which the 

LC molecules are aligned can be intentionally formed by 
arranging the conductive bridge to extend across the middle 
portion of the slit, and this singular point changes the align 
ment of the LC molecules. 
As shown in FIGS. 15 to 17, in the LCD device of Embodi 

ments 2 to 6, immediately after a voltage is applied (after 10 
msec of voltage application), the LC molecules in the slit start 
to be aligned in a oblique direction relative to the pixel elec 
trode surface and in a oblique direction relative to the longi 
tudinal direction of the slit and further form the singular point. 
The alignment change reaches the state of equilibrium in 100 
msec, and display brightness becomes stable. Therefore, even 
if the slit has a 5um width, a decrease in response time, i.e., 
an increase in response speed can be achieved by arranging 
the conductive bridge to extend across the slit. As a result, an 
afterimage is less likely to be formed. 

FIG. 18 is a graph showing a change in luminance with 
time in the liquid crystal display devices in accordance with 
Reference Embodiments 1 and 2, and Embodiments 2 to 6. In 
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the graph of FIG. 18, the black circles represent Reference 
Embodiment 1 (slit with 9 um in width), the black triangles 
represent Reference Embodiment 2 (slit with 5um in width), 
and the black quadrangles represent Embodiments 2 to 6 (slit 
with 5um in width and conductive bridge overlapping there 
with). 
As shown in FIG. 18, in the LCD device inaccordance with 

Reference Embodiments 2, from immediately after the LC 
molecules start to be aligned (10 msec later) to 200 msec later, 
display with high brightness is provided because the LC 
molecules are mostly aligned in a direction perpendicular to 
the longitudinal direction of the slit. However, the alignment 
becomes unstable gradually with elapse of time, which 
reduces the brightness. The alignment reaches the state of 
equilibrium about 500 msec later, and the brightness becomes 
stable. In contrast to Reference Embodiments 2, in the LCD 
device in accordance with Reference Embodiments 1, display 
brightness is gradually improved because the LC molecules 
are gradually aligned in a direction perpendicular to the lon 
gitudinal direction of the slit with elapse of time. The align 
ment reaches the state of equilibrium about after 100 msec of 
Voltage application, and the display brightness becomes 
stable. Compared with Reference Embodiment 1, in the LCD 
device of Reference Embodiment 2, luminance is signifi 
cantly varied and response time is slow. In such an LCD 
device inaccordance with Reference Embodiment 2, an after 
image is likely to be formed compared with the LCD device 
of Reference Embodiment 1. As mentioned above, when the 
width of the slit is too small, i.e., when an aspect ratio is too 
large, display qualities are likely to be deteriorated. 

In contrast to such Reference Embodiments 1 and 2, in the 
LCD device of Embodiments 2 to 6, similarly to Reference 
Embodiment 1, from immediately after the LC molecules 
start to be aligned (10 msec later) to 200 msec later, display 
with high brightness is provided because the LC molecules 
are mostly aligned in a direction perpendicular to the longi 
tudinal direction of the slit. However, luminance is not varied 
as much as in Reference Embodiment 1 and stable brightness 
can be obtained about 50 msec later. This shows that the 
response has been completed about 50 msec later. As a result, 
the response speed is high as compared with that in Reference 
Embodiments 1 and 2 and an afterimage less likely to be 
formed. 
The present application claims priority to Patent Applica 

tion No. 2008-034406 filed in Japan on Feb. 15, 2008 under 
the Paris Convention and provisions of national law in a 
designated State, the entire contents of which are hereby 
incorporated by reference. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 1. 

FIG. 2 is a cross-sectional view schematically showing a 
Substrate configuration of the liquid crystal display device in 
accordance with Embodiment 1, taken along line A-B in FIG. 
1. 

FIG. 3 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 2. 

FIG. 4 is a cross-sectional view schematically showing a 
configuration of a region including a conductive bridge in the 
liquid crystal display device in accordance with Embodiment 
2, taken along line C-D in FIG. 3. 
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FIG. 5 is a plan view schematically showing a pixel con 

stituting the display face of the liquid crystal display device in 
accordance with Embodiment 3. 

FIG. 6 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 4. 

FIG. 7 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 5. 

FIG. 8 is a plan view schematically showing a pixel con 
stituting the display face of the liquid crystal display device in 
accordance with Embodiment 6. 

FIG. 9 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Reference Embodiment 1 and is a view after 10 
msec of voltage application. FIG. 9(a) is an enlarged view of 
a slit and liquid crystal molecules. FIG. 9(b) is a further 
enlarged view of FIG. 9(a). 

FIG.10 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Reference Embodiment 1 and is a view after 100 
msec of voltage application. FIG.10(a) is an enlarged view of 
a slit and liquid crystal molecules. FIG. 10(b) is an enlarged 
view of FIG. 10(a). 

FIG.11 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Reference Embodiment 1 and is a view after 500 
msec of voltage application. FIG.11(a) is an enlarged view of 
a slit and liquid crystal molecules. FIG. 11(b) is an enlarged 
view of FIG. 11(a). 

FIG.12 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Reference Embodiment 2 and is a view after 10 
msec of voltage application. FIG. 12(a) is an enlarged view of 
a slit and liquid crystal molecules. FIG. 12(b) is an enlarged 
view of FIG. 12(a). 

FIG.13 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Reference Embodiment 2 and is a view after 100 
msec of voltage application. FIG. 13(a) is an enlarged view of 
a slit and liquid crystal molecules. FIG. 13(b) is an enlarged 
view of FIG. 13(a). 

FIG. 14 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Reference Embodiment 2 and is a view after 500 
msec of voltage application. FIG.14(a) is an enlarged view of 
a slit and liquid crystal molecules. FIG. 14(b) is an enlarged 
view of FIG. 14(a). 

FIG.15 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Embodiments 2 to 6 and is a view after 10 msec of 
voltage application. FIG. 15(a) is an enlarged view of a slit 
and liquid crystal molecules. FIG. 15(b) is an enlarged view 
of FIG. 15(a). 

FIG.16 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Embodiments 2 to 6 and is a view after 100 msec 
of voltage application. FIG.16(a) is an enlarged view of a slit 
and liquid crystal molecules. FIG.16(b) is an enlarged view 
of FIG.16(a). 

FIG.17 is a view showing response characteristics of liquid 
crystal molecules in a liquid crystal display device in accor 
dance with Embodiments 2 to 6 and is a view after 500 msec 
of voltage application. FIG. 17(a) is an enlarged view of a slit 
and liquid crystal molecules. FIG. 17(b) is an enlarged view 
of FIG. 17(a). 
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FIG. 18 is a graph showing a change in luminance with 
time in the liquid crystal display devices in accordance with 
Reference Embodiments 1 and 2, and Embodiments 2 to 6. 

EXPLANATION OF NUMERALS AND 
SYMBOLS 

1: Array substrate 
2: Color filter substrate 
3: Liquid crystal layer 
10: Corner portion of pixel electrode 
11, 21: Glass substrate 
12: Pixel driving line 
13: TFT. Thin film transistor 
14: Interlayer insulating film 
14a: First interlayer insulating film 
14b. Second interlayer insulating film 
15: Pixel electrode 
16: Contact hole 
17: Slit 
18: Corner light-shielding metal film (corner light-shielding 
member) 

19: Conductive bridge 
22: Color filter layer 
23: Common electrode 
24: Rib (dielectric protrusion) 
31: Liquid crystal molecule 
41: Gate line 
42: Source line 
43: CS line, storage capacitor line (main light-shielding mem 

ber, corner light-shielding member) 
44: Drain-drawing line (main light-shielding member, corner 

light-shielding member) 

The invention claimed is: 
1. A liquid crystal display device, comprising: 
a pair of Substrates; and 
a liquid crystal layer disposed between the pair of sub 

Strates, 
wherein one of the pair of substrates includes a pixel elec 

trode having a rectangular shape when viewed from a 
display face side, 

the other substrate includes a linear-shaped dielectric pro 
trusion overlapping with a corner portion of the pixel 
electrode when viewed from the display face side, and 

at least one of the pair of Substrates includes a corner 
light-shielding member overlapping with a region where 
the linear-shaped dielectric protrusion and the corner 
portion of the pixel electrode overlap with each other. 

2. The liquid crystal display device according to claim 1, 
wherein the corner light-shielding member reflects light 

incident from the display face. 
3. The liquid crystal display device according to claim 1, 
wherein a width of the corner light-shielding member is 

larger than a width of the dielectric protrusion. 

20 
4. The liquid crystal display device according to claim 1, 
wherein at least one of the pair of substrates includes: a 

linear-shaped dielectric protrusion overlapping with a 
portion other than the corner portion of the pixel elec 

5 trode; and a main light-shielding member overlapping 
with a region where the linear-shaped dielectric protru 
sion and the portion other than the corner portion of the 
pixel electrode overlap with each other. 

5. The liquid crystal display device according to claim 4. 
wherein the main light-shielding member reflects light 

incident from the display face. 
6. The liquid crystal display device according to claim 4. 
wherein a width of the main light-shielding member is 

larger than a width of the dielectric protrusion. 
7. The liquid crystal display device according to claim 

wherein the main light-shielding member and the corner 
light-shielding member are constituted by a pixel driving line. 

8. The liquid crystal display device according to claim 7. 
wherein the pixel driving line is a storage capacitor line. 
9. The liquid crystal display device according to claim 7. 
wherein the pixel driving line is a drawing line extended 

from a thin film transistor. 
10. The liquid crystal display device according to claim 7. 
wherein the main light-shielding member and the corner 

light-shielding member are electrically connected to 
each other through a conductive bridge. 

11. The liquid crystal display device according to claim 10, 
wherein the pixel electrode is provided with a linear 

shaped slit when viewed from the display face side, 
the main light-shielding member and the corner light 

shielding member are provided in the substrate includ 
ing the pixel electrode, 

the conductive bridge and the pixel electrode are disposed 
in different layers with an interlayer insulating film ther 
ebetween, and 

the conductive bridge extends across the linear-shaped slit. 
12. The liquid crystal display device according to claim 11, 
wherein the conductive bridge extends across a middle 

portion of the linear-shaped slit. 
13. A liquid crystal display device, comprising: 
a pair of Substrates; 
a liquid crystal layer disposed between the pair of sub 

strates; and 
a conductive bridge, 
wherein one of the pair of substrates includes a pixel elec 

trode provided with a linear-shaped slit when viewed 
from a display face side, 

the conductive bridge and the pixel electrode are disposed 
in different layers with an interlayer insulating film ther 
ebetween, and 

the conductive bridge extends across the linear-shaped slit. 
14. The liquid crystal display device according to claim 13, 
wherein the conductive bridge extends across a middle 

portion of the linear-shaped slit. 
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